
Technology Overview

Project Statistics

Current Status 

(1) STATUS: A safe 1.9V cell using 3.1V aqueous 
electrolyte can stably provide 200 Wh/kg 
(anode+cathode mass) for 200 cycles.

(2) NEXT TECHNICAL:  reducing cost of electrolytes
(3) NEXT COMMERCIAL:  Is collaborating with Saft

American Inc. to build a 500 Wh demonstration 
unit. 

(4) HELP NEEDED: Cost modeling expert & new salts

Multiple Electron Aqueous Li-ion 
Batteries

TEAM

Dr. Chunsheng Wang; Associate professor; 
University of Maryland; 301 405 0352; 
cswang@umd.edu
Dr. Kang Xu; ARL Fellow; 
conrad.k.xu.civ@mail.mil

Award Amount $1.1M

Award Timeline Dec. 2013 – May. 2016

Next Stage Target 500 Wh prototype unit

Partners Sought Saft, ARL, US TARDEC

- The electrochemical stability window of 
aqueous electrolyte has been expanded to 
~3.1 volts via the formation of SEI. 

- A 1.9 V full cell using such electrolyte 
delivers a record-high 200 Wh/kg (based 
on two electrode mass) for 200 cycles. 

Color code: Red: <100 cycles; Blue: 100 to 200 cycles 

Green: >1000 cycles            : Our batteries

A Giant Leap!



Expanded Electrochemical Stability Window:
From 1.23 V to 3.0 V

vs. Li/Li+

OH-/O2
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Energy density E = cell voltage V  capacity Q
Electrochemical stability window of Electrolyte control the cell voltage

Expand the stability window of aqueous electrolyte
1. Water-in-salt electrolyte reduces the activity of H2O
2. Formation of solid electrolyte interphase (SEI) by high concentration of salt anion

Mo6S8
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Reducing 

H2O activity

 Solvent decomposition does not form SEI: 

H2(g), O2(g), OH-(l)

 Salt-anion decomposition can potentially 

form SEI if it starts before H2 (or O2) 

evolution.
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21 m Lithium bis(trifluoromethane

sulfonyl)imide (LiTFSI) in water electrolyte 

The change of weight and volume ratio of LiTFSI to 

H2O with the molarity of LiTFSI in H2O 

The progression of Raman vibration at ~744 

cm-1 with salt concentration;

Photo picture of 21 m 

LiTFSI aqueous 

electrolyte
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The electrochemical stability window



Achievement reported in paper at Science
• Formed SEI for the 1st time in aqueous electrolytes

• Expanded electrochemical stability of aqueous electrolytes to 3.0 V

• Assembled a 2.3 V aqueous LIB that cycled >1000 times at ~100% CE

• Energy density: 80~100 Wh/(Kg of total electrode mass); 

• Stability at both low (0.15 C) and high (4.5 C)

• Absolutely safe
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Long cycle life Aqueous LiFePO4/Water-in-Salt/Mo6S8

Li-ion Battery for Electric Energy Storage 

L. Suo, F. Han, X. Fan, H. Liu, C. Wang and K. Xu, Journal of Materials Chemistry A, DOI:10.1039/C6TA00451B, (2016)
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High Voltage Li-ion battery using Water-in-Bisalt electrolyte 
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anode (C/TiO2) and cathode (LiMn2O4) materials measured

at scanning rate of 0.1 mV/s in the same electrolyte,



Achievement Since the paper in Science
• Further expanded the stability window to 3.1 V

• Employed more energetic electrochemical couple

• Cathode: LCO, NMC, and LMNO

• Anode: high capacity anode

Color code: 

Red: <100 cycles 

Blue: 100 to 200 cycles 

Green: >1000 cycles

: Our batteries

A Giant Leap: A few aqueous LIB full 
cells made, energy density up to
200 Wh/(Kg of total electrode 
mass)

• Considering that dry room, BMS, 
packaging etc could be simplified 
or eliminated at pack/module 
level, energy density becomes 
competitive or even superior to 
non-aqueous LIB

A Giant Leap!



The cycling of the new 1.7 V aqueous LIB with Anode Y 

and Cathode LMO
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The cycling of the new 1.9 V aqueous LIB with Mo3S4 and 

Cathode LCO

High Energy Aqueous Li-ion Batteries based 

on various Chemistries


